Abstract. The majority of giant cell tumors (GCTs) occur in the ends of the long bones. The presence of more than one GCT in the axial skeleton is rare. A GCT is capable of remaining clinically latent following treatment and becoming active a number of years later. We report an extremely rare case of GCT occurring in the axial skeleton, involving the sacrum, thoracic spine and parieto-occipital skull in more than 15 years of follow-up.
Introduction
Giant cell tumors (GCTs) are benign tumors commonly occurring at the ends of the long bones, representing approximately 5% of bone tumors (1) . GCTs rarely occur in the spine, with 2-5% of tumors found in the spine above the sacrum (2, 3) . When occurring in the spine, these tumors most commonly present with localized pain and swelling of the affected side, and may also result in neurological deficit (3, 4) .
In this study, the authors present an extremely rare case of GCT occurring in the axial skeleton, involving the sacrum, thoracic spine and parieto-occipital skull in more than 15 years of follow up. The study was approved by the Institutional Review Board (IRB) for Human Subjects Research and Ethics Committees of Hanyang University Guri Hospital, Korea.
Case report
In March 1993, a 24-year-old male without a significant past medical history presented with a several-month history of localized pain in the right buttock area. There was induration on the buttock and a firm, palpable mass.
Neurological examination revealed mild weakness of the flexor hallucis longus and flexor digitorum longus with grade 4/5 power. The patient experienced diminished sensation in the perineal region, and sphincter tone was slightly diminished. Radiographs revealed a large, osteolytic lesion involving almost the entire sacrum (Fig. 1 ). Computed tomography (CT) also revealed a destructive sacral mass involving almost the entire sacrum below the S1 vertebral body. T2-weighted magnetic resonance imaging (MRI) showed an expansile soft tissue mass with a heterogeneous signal density. The tumor infiltrated into the spinal and sacral canal, and into the presacral area above S2 (Fig. 2) . The technetium-99m methylene diphosphonate whole-body bone scan revealed an abnormally high uptake in the sacral region (Fig. 3 ). Metastases were not found. To prevent an improper diagnosis or a delay in treatment occurring, open biopsy was performed from the posterior aspect of the sacrum, and histopathological examination revealed numerous multinucleated giant cells within a background of scant stroma consistent with GCT (Fig. 4) .
With the goal of pain relief, tumor resection and prevention of further neurological deterioration, the patient underwent high sacral amputation using a staged anterior and posterior approach. In the first stage, the anterior procedure with a transperitoneal approach was performed. The anterior aspect of the tumor was exposed, and internal iliac and middle sacral vessels were ligated. The anterior osteotomy was performed through the lower border of the S1 vertebral body at the level just below the S1 sacral foramina. In the second stage, the posterior approach was performed to transect the dural contents, eventually interconnecting the anterior and posterior osteotomies (Fig. 5) . The tumor was resected with a small margin and the biopsy tract was included within the resection margins. The S1 roots were preserved. For adjuvant therapy, the patient underwent radiotherapy consisting of a total dose of 5000 rad in 5 weeks.
Postoperatively, the patient was able to ambulate without the use of external supports by 6 months. A certain amount of perineal numbness remained, but the patient did not consider the lower extremity numbness to be particularly disabling. The patient suffered difficulties with urinary retention, requiring intermittent urinary self-catheterization. Self-urination and defecation became possible by a voluntary increase of the abdominal muscle pressure.
After 5 years, there was no evidence of local recurrence on serial imaging. The patient had returned to work without significant complaints and was satisfied with the degree of mobility. In March 2008, the patient reported increasing pain in the back and mid-buttock area. Physical examination of the buttock area revealed a draining sinus on the previous surgery scar with pus-like discharge. MRI of the lumbar and thoracic spine was performed. T2-weighted MRI of the lumbar spine revealed high signal intensity pus draining with a sinus tract into the buttock area (Fig. 6A) . MRI studies of the thoracic spine showed diffuse enhancement on the T11 vertebral body with an associated compression deformity suggestive of a bone tumor. There was no cord compression, nor a signal change within the cord (Fig. 6B) . A technetium-99m methylene diphosphonate whole-body bone scan was also performed and showed abnormal uptake only at the T11 vertebral body.
Considering the patient's clinical history and findings on MRI, a diagnosis of metastatic GCT was considered, involving anterior zones of the vertebral body according to the Weinstein-Boriani-Biagini (WBB) classification system (5,6). The patient subsequently underwent a wide en block resection of T11 and anterior interbody fusion with autogenous iliac strut bone graft. A complete resection of the vertebral body was achieved and specimens were sent for histopathological analysis. The spinal reconstruction and stabilization were performed by posterolateral fusion with autogenous iliac bone graft and pedicle screw fixation. Additionally, the patient had open irrigation and debridement for the infection on the buttock.
The histopathological examination revealed numerous multinucleated giant cells within a background of scant stroma, consistent with GCT. For adjunctive therapy, the patient again underwent radiotherapy consisting of a total dose of 5000 rads in 5 weeks.
In October 2008, the patient reported newly developed localized swelling on the right occipital area. A diffuse swelling was noted in the right parieto-occipital area. CT scan of the brain revealed a large well-defined hyperdense contrast-enhancing lesion originating from the right parieto-occipital bone (Fig. 7) . The patient subsequently underwent a right parieto-occipital craniectomy, followed by cranioplasty. Adjunctive radiotherapy was repeated. The histopathological examination has confirmed the diagnosis of GCT of bone.
Currently, the patient continues to be free of recurrence 26 months following the T11 corpectomy, and 19 months following the craniectomy.
Discussion
The majority of GCTs occur in the ends of the long bones, usually the distal femur, proximal tibia and distal radius (1,2) . GCTs rarely occur in the spine, with 2-5% of tumors found in the spine above the sacrum (2-4). Neoplasia of the skull bones are also extremely rare, accounting for only 2.4-2.6% of all primary bone tumors, and when they occur, the sphenoid bone is known to be the most common site, followed by the temporal bone (5,7). Although GCTs exhibit a propensity for aggressive local recurrence, there are few reports of metastases or recurrence from GCT of the spine. Additionally, GCTs are difficult to determine due to the low incidence of these lesions (2, 4) .
Multifocal GCTs of bone have been addressed in previous reports, mostly occurring in the limbs. On only one occasion has the multifocal GCT of bone been reported in the spine, occurring primarily in the thoracic spine, and two years later, in the sacrum (8) . Due to multiple lesions in the axial skeleton in the absence of lung involvement and an open foramen ovale, it is difficult to confirm whether the tumors were actually multifocal in their origin or spread through the vertebral venous complex (9,10). The Batson's venous plexus, which connects the deep pelvic veins to the internal vertebral venous plexuses, may provide a route for the spread of tumors arising from the pelvis to the vertebral column or brain (10) . The primary tumor and metastatic lesions usually have the same histological features; however, histological grades and findings do not have practical value in the prediction of the outcome or the risk of metastatic spread (11, 12) .
Optimal management of GCT of bone is known to be complete resection of the tumor with wide margins if possible, and according to Mnaymneh et al (13) , there was no recurrence when the primary tumor excision was performed, whereas recurrent malignant changes were reported in approximately half or more of groups undergoing curettage and irradiation (3, 14) . Due to the propensity of GCTs for aggressive local recurrence, adjuvant radiation therapy to the resection site may be adopted. Although it is widely held that radiation is capable of inducing sarcomatous transformation and soft tissue damage, it has been suggested that this risk Figure 5 . Osteotomy was performed through the lower border of the S1 vertebral body at the level just below the S1 sacral foramina. was possibly associated with the now obsolete ortho-voltage radiation therapy rather than the currently used mega-voltage radiation therapy (15) (16) (17) . Fujimoto et al (18) report favorable results in three consecutive cases diagnosed with GCT of the spine, which were treated with radiotherapy and bisphosphonate (BP) as a new treatment option.
In the present case, the patient was found to have multifocal GCTs in extremely unusual locations. The first in the sacrum, the second, 15 years later, in the thoracic spine, and the third, 15 years and 6 months later from the onset of the first tumor in the sacrum, in the parieto-occipital area of the skull. The patient had neither lung involvement nor a sign of cardiac septal defect. The tumors in the thoracic spine and skull may be thought of as metastases of the primary lesion in the sacrum with late recurrence. As the patient had an open biopsy for the initial diagnosis, it is possible that the biopsy margins were contaminated in the first resection and the infection of primary site, which occured 15 years later may be related to residual active disease (15, 19, 20) . The 15-year interval between the primary lesion in the sacrum and recurrences in the thoracic spine and skull was longer than the usual interval that has been reported in other studies (19) . Thus, we report an extremely rare case of GCT occurring in the axial skeleton, involving the sacrum, thoracic spine and parieto-occipital skull in more than 15 years of follow up.
